Introduction
Allergen immunotherapy is a common method to treat allergic diseases such as seasonal allergic rhinitis. Despite its apparent efficacy, the mechanism of its action remains incompletely understood. Recently, an important role of epithelial-derived interleukin (IL) 1 cytokine, such as IL-33, has been described in health and disease [1] [2] [3] . IL-33 is expressed by a variety of immune cells participating in allergic inflammation and is mainly known to induce Th2-type cytokine response [4, 5] . Overexpression of IL-33 has been linked to several allergic diseases such as allergic rhinitis and asthma [6, 7] . IL-33 levels were found to be elevated in serum and exhaled breath condensate but were not detectable in nasal lavages in allergic rhinitis [8] . Down-regulation of IL-33 at mRNA and protein levels following sublingual immunotherapy in a murine model of immunosensitisation was reported [9] . However, information is lacking on the role of the IL-33/ST2 axis in allergen subcutaneous immunotherapy. Herein, we aimed to determine the serum level of IL-33 and ST2 before and after the first course of allergen immunotherapy.
Material and methods
Forty patients (a group treated with allergen immunotherapy -ITA, 13 female, age: 38.5 ±10.35 years) with intermittent allergic rhinitis sensitive to grass and/or tree pollen were studied. Among these, 10 patients were longitudinally assessed in the follow-up visit after completing the first course of immunotherapy, i.e. after the induction and maintenance phases at the beginning of the pollen season. In addition, 22 healthy subjects (16 female, age: 37.4 ±7.3 years) without any signs of allergic or inflammatory diseases were included as controls. Diagnosis of intermittent allergic rhinitis was made according to ARIA criteria [10] followed by immunotherapy according to GA2LEN/EAACI criteria [11] . The study was approved by the Ethics Committee of the Medical University of Silesia, and informed consent was obtained from all study participants. Immunotherapy was applied according to a perennial schedule comprising up-building and maintenance phases as per the manufacturers' recommendations. Preparations containing modified allergen were used (Allergovit ® ; Allergopharma or Purethal, Hall Allergy). Blood samples were collected twice from the ITA patients and once from the controls outside the pollen season to separate serum, which was then stored at -80°C until further analysis. Serum levels of ST2 and IL-33 were measured by ELISA (Human ST2/IL-33 R Quantikine ELISA kit, R&D Systems) and IL-33 (Human IL-33 Quantikine ELISA kit, R&D Systems). Results are expressed as median values with interquartile ranges. Nonparametric tests (Mann-Whitney u and Wilcoxon matched pairs tests) were applied using Quick STATISTICA 12.5; p-values less than 0.05 were considered significant.
Results
Serum levels of IL-33 rose significantly after the first course of immunotherapy and reached the controls levels: 1.98 pg/ml (1.34-4.05) vs. 27 pg/ml (13-35) (1.34-9.9), p = 0.02; Wilcoxon matched pairs test and in controls 13.5 pg/ml (11-32; Mann-Whitney u test) (see Table 1 , Figs. 1 and 2) .
Serum levels of ST2 were comparable before the pollen season and after the first course of immunotherapy: 667 pg/ml (476-829) vs. 555.5 pg/ml (486-914), p nonsignificant, Wilcoxon matched pairs test, and to controls: 610 pg/ml, Mann-Whitney u test, p = NS) ( Table 1) . 
Discussion
IL-33 is a pleiotropic cytokine involved in several pathological processes such as allergic diseases. In the present study the serum levels of IL-33 before immunotherapy were lower in patients with intermittent allergic rhinitis before pollen season and rose significantly after the first course of immunotherapy (Figs. 1 and 2) . Interestingly, in the present study the serum levels of IL-33 in allergic rhinitis patients before immunotherapy were lower than in the controls, and after the first immunotherapy course they were comparable to the levels in the controls. The results are surprising because we expected IL-33 to be lower after immunotherapy. Thus, we can assume that one course of pre-seasonal immunotherapy is too short a period to prevent raised serum IL-33 levels. However, a similar phenomenon, i.e. the transient increase in allergy markers in the first phase of immunotherapy, has been observed for e.g. sIgE during both subcutaneous and sublingual pollen immunotherapy followed by blunting of seasonal increases in sIgE levels [12, 13] .
Another explanation of this findings may be the suggestion that immunotherapy did not change the intensification of allergic pathways in the aspect of the IL-33/ST2 axis. Further studies are warranted to find out the pattern of IL-33 serum level changes in the following years of immunotherapy.
We have previously reported significantly higher serum levels of IL-33 in patients with intermittent allergic rhinitis during natural exposure to pollens than in healthy non-atopic controls [6] . The higher level of IL-33 during pollen season could result from pollen exposure acting as an alarmin signal. IL-33 may be released by epithelial cells during their injury or necrosis caused by exogenous triggers such as airborne allergens or by endogenous triggers [14, 15] . The longer period of immunotherapy might suppress the production of alarmins such as IL-33, but this needs to be elucidated.
Values of serum levels of IL-33 in our study were low and, in some cases, even below the limit of detection suggested by the manufacturer. In this situation the results were obtained by extrapolation. There are some data in literature suggesting that measurement of IL-33 in serum is difficult and sometimes IL-33 may not be detectable. One of the explanations of this phenomena is interference of ST2 with circulating IL-33 and other technical aspects concerning the specificity and sensitivity of currently available assays [16] .
In contrast to IL-33, ST2 serum levels did not change after the course of immunotherapy. Such results are consistent with our previous study [6] in which we proved comparable serum levels of ST2 in patients with intermittent allergic rhinitis sensitised to tree/grass pollen and in healthy controls. On the other hand, Baumann et al. found increased levels of ST2 in nasal lavage in seasonally pollen exposed allergic volunteers [8] , suggesting a regulatory role of IL-33 receptor in allergic rhinitis. Thus, nasal epithelium and nasal lavage are probable more suitable sources of ST2 than serum is.
To our knowledge, there are no other data concerning the IL-33/ST2 axis and immunotherapy in human allergic diseases, highlighting the need for further research in this field. Our study has limitations that need to be considered while interpreting the findings. The first one is the small sample size and the high percentage of drop-out of patients who were qualified to immunotherapy, resulting in a smaller group of patients followed up on the second occasion. The second limitation is the short period of observation of the allergic rhinitis patients, which was only during one course of immunotherapy. Consequently, further studies are warranted to elucidate the role of the IL-33/ST2 axis in allergen immunotherapy targeting intermittent and perennial allergic rhinitis.
